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ABSTRACT - The objective of this study was to investigate the effect of PL68 and soybean meal as alter-
native protein sources in the diet of common carp (Cyprinus carpio L.). The experiment lasted for four 
weeks. There was a significant difference (p<0.05) in the final weight and HSI between treatments. 
There were no significant differences for feed conversion ratio, specific growth rate, condition factor, 
and fillet weight between groups. The flesh color parameters, pH values and water losses (dripping 
loss, thawing loss, and cooking loss) did not show any significant differences between the three dietary 
treatments. In conclusion the result of this study showed that PL68 and soybean meal can partially 
replace fishmeal in common carp’s diet without any adverse effect on growth but further research is 
needed to evaluate the effect of different inclusion levels of PL68. 
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INTRODUCTION 
Aquaculture is the fastest growing sector of the world’s food trade, increasing 
by more than 10% per year. Fish flesh is highly nutritive and is a rich source of 
animal proteins. For the improvement of fisheries and to achieve maximum 
yields from resources of fresh water, it is necessary to provide artificial feed, 
by which fish grow rapidly and attains maximum weight with shortest possible 
time (Kushwaha, 2013). Aquaculture production is growing up to satisfy the 
increasing demand of fish for human consumption (Magalhães et al., 2015) and 
generally, the feed cost in aquaculture accounts to 40-60% of total production 
cost within which the crude protein source being the highest (Cheng et al., 
2003). In fish, however, protein is the most important nutrient, fish meal is an 
adequate and expensive protein source for fish diet and supplementing with 
other proper protein source would help to reduce total production cost, 
although supplementing is dependent e.g. on lysine content. Thus, the search 
for fish meal substitutes and alternative dietary protein sources is an 
international research priority (Yuan et al., 2010). 
Plant proteins has been alternative protein source for fish feed, however, 
some factors limit the use of plant protein such as its low protein content, high 
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fiber content, an amino acid imbalance, poor palatability and the presence of 
anti-nutritional factors (Tibbetts et al., 2006). 
Recently some studies were focused on the alternative (vegetable) protein 
sources in fish feeds. The most important protein sources were bean (Bos-
nyákné et al. 2018) DDGS (Révész 2016) and soybean Yusuf et al 2016; 
Solomon et al. 2017). 
The aim of the study was to determine the influence of different protein 
sources (fish meal, PL68, soybean meal) on growth performance and meat 
quality of common carp (Cyprinus carpio). 
MATERIAL AND METHODS 
The trial was carried out at the Aquaculture Department of Kaposvár Univer-
sity. Three iso-nitrogenous and iso-caloric diets were formulated using 
different protein sources: A - fish meal, B - PL68 (a dried, killed, non-GMO 
bacterial biomass by-product of the monosodium L-glutamic acid production), 
C - soybean meal). The compositions of the diets are shown in Table 1. 
Table 1  
Composition of Experimental Diets (% Dry Matter) 
Ingredients Experimental Diets 
Diet A Diet B Diet C 
Fish meal 33.00 18.01 23.38 
Wheat flour  63.10 64.06 53.13 
Soybean meal  - - 19.13 
PL68  - 14.01 - 
Fish oil  2.80 2.80 3.19 
Vitamin and Mineral premix  0.10 0.10 0.11 
Common carp (143.54 ± 23.57 g) were randomly chosen from a bulk which 
had been fed on a commercial diet for 10 weeks prior to the experiment. The 
fish were distributed to 9 small tanks (6 individuals/tank). Re-circulated water 
flowed in each tank and oxygen was also supplied continuously. Water 
temperature was constantly monitored at 24-26°C while oxygen was at 6 -7.2 
mg/l. Fish were fed twice daily until satiation. The experimental period was 4 
weeks.  
Body weights and lengths were recorded during the trial. Feed intake was 
measured and recorded every day for 4 weeks period. Two fish per tank were 
randomly selected for slaughter at the end of the trial. The chosen fish were 
slaughtered by a blow to the head. Specific growth rate (SGR), feed conversion 
ratio, slaughter value, condition factor (CF), viscerasomatic index (VSI), and 
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hepatosomatic index (HSI) were determined. Body weights were measured 
and filleted for the meat quality determination. Flesh quality investigations 
were carried out according to Varga et al (2013). 
One-way ANOVA (followed by Tukey Post Hoc test) was used to analyze the 
effect of different diets on r growth and feed utilization, slaughter value and 
meat quality parameters of common carp (SPSS for Windows 14.0). 
RESULTS AND DISCUSSION 
The results of growth performance are presented in Table 2. There was no sig-
nificant difference between the groups in the feed consumption. 
There was significant difference in final weight (Table 2), fish fed with diet 
C had higher weight than diet B, and this might be as a result of high feed con-
sumption of diet C. Also, soybean meal serves as a good protein source for her-
bivorous fish. Bhilave et al., (2010) reported that the inclusion of 100% soy-
bean meal in the diet of grass carp (Ctenopharingodon idella) had highest body 
weight compared to 100% groundnut cake meal, but the growth was at-
tributed to the higher protein content of the soybean meal. 
Table 2 
Growth parameters and somatic indices of the carp fed different feeds 
 Diet A Diet B Diet C P 
Feed Intake (g)  646.67±114.16 555±49.52 693.67±84.85 NS 
Total Initial Weight 
(g)  
892±10.15 863.33±11.02 895±22.52 NS 
Total Final Weight 
(g)  
1143.3±60.08ab 1060±46.77b 1194.67±7.77a <0.05 
FCR 2.58±0.08 2.89±0.41 2.33±0.34 NS 
SGR 0.88±0.15 0.73±0.16 1.03±0.11 NS 
CF 3.44±0.06 3.32±0.11 3.30±0.08 NS 
The FCR values showed no significant differences between treatments but 
can be considered to be high in general. Our results are similar to the FCR rec-
orded by Bhilave et. al., (2010) for grass carp (Ctenopharengedon idella) diets 
containing 50% soybean.  
There was no significant treatment effect in SGR in this experiment (Table 
2). A similar result was observed in a study where common carp was fed with 
fish meal diet and had a significant higher weight compared to common carp 
fed with sunflower meal, but the difference was not significant (Ali et al., 2016). 
The lack of treatment effect observed in this study might be due to the short 
experimental period and small number of fish used in this experiment, and 
with a longer feeding trial and with a larger number of fish more reliable con-
clusions could be drawn (Khan et. al., 2003). 
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Condition factor (CF) is the basis for the good health condition of the fish 
(Ighwella et. al, 2014). There was no significant difference for the condition 
factor in this experiment. Values of 3.44±0.06, 3.32±0.11 and 3.30±0.08 were 
calculated for fish fed diets A, B and C, respectively, which shows they were in 
good condition throughout the experimental period. The result in this experi-
ment is similar to the results of a study using fishmeal and earthworm as a 
protein source in the diet of common carp with condition factor ranging from 
3.19±0.05 to 3.22±0.13 (Ngoc et.al, 2016).  
Results of flesh quality investigations are shown in Table 3. There were no 
significant effects of diets on the measured parameters. 
The ability of the fish meat to retain water was tested on different methods 
post mortem 24 h and after 1 week of freezing: dripping, thawing and cooking 
loss were measured. Fish fed control diet (Diet A) exhibited the least loss of 
water during cooking followed by Diet C and B. The trend is the same for the 
dripping loss post mortem 24 hours and thawing after a week. The three dif-
ferent dietary diets exhibited almost similar losses, without significant differ-
ences. The same result with no significant difference were found between 
treatments for the pH values of the meat post mortem 24 hours.  
Table 3 
Fillet quality parameters of the carp fed different feeds 
 Dietary Treatment  (mean ± SD) 
Diet A Diet B Diet C 
Fillet yield (%)  38.05 ± 2.12 38.01 ± 2.41 39.99 ± 4.18 
L* 41.11 ± 2.02 40.35 ± 2.03 39.97 ± 1.77 
a* 26.45 ± 1.71 25.45 ± 1.40 25.47 ± 1.50 
b* 21.53 ± 1.40 20.75 ± 1.36 20.73 ± 1.28 
Cooking loss (%)  17.02 ± 1.19 18.49 ± 1.86 18.21 ± 2.25 
Dripping loss (%)  5.84 ± 1.46 6.16 ± 0.98 5.84 ± 1.37 
Thawing loss (%)  7.75 ± 1.49 8.75 ± 2.27 8.09 ± 2.19 
pH  6.37 ± 0.13 6.37 ± 0.18 6.47 ± 0.25 
Color is one of the most important indicators of flesh quality. No significant 
differences were observed in the fillet lightness, redness and yellowness. The 
three protein sources tested in this study did not differ in flesh color quality of 
common carp. Thus, supplemental replacement of fishmeal with PL68 and soy-
bean ingredients is possible, since flesh color was almost similar to the fish 
meal fed fish. Another type of bacterial protein that replaced the dietary fish 
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meal showed positive effects on the sensory quality of chicken meat after fro-
zen storage due to effects on fatty acid composition but had minimal effects 
when replaced to soybean meal ( Schøyen et al., 2007).  
Flesh pH is correlated to the fish texture. Several species show lower fish 
fillet quality when pH decreases (Rahmanifarah, et al., 2011). The decrease on 
the denaturation of the sarcoplasmic proteins reduces the water holding ca-
pacity of the meat (Periago et al., 2005). In this experiment, the means of pH  
for all the dietary treatments post mortem 24 hours were lower than the pre-
viously observed on carp (Cyprinus carpio) and other species like European sea 
bass (Dicentrarchus labrax), goldfish (Carassius auratus) and several salmonid 
species which pH ranged from 7.0 to 7.63 (Wilkinson, et al., 2008). Several fac-
tors may influence the lower pH detected on the flesh of the common carp in 
this study such as the time lag on filleting the fish, and the decomposition of 
glycogen which increases the lactic acid during or immediately after slaughter 
(Rahmanifarah et al., 2011). However, the pH observed in this study remained 
stable with different dietary treatments and was in line with the experiment 
conducted by Varga et al., (2013). 
CONCLUSIONS 
In this study we show that the, PL68 and soybean meal are effective alternative 
for partial replacement to fish meal as long as it meets the minimum protein 
requirements to attain a consumer preferred flesh meat quality, although PL68 
was not comparable to soybean meal in terms of growth.  The meat quality of 
the fish fed on three different diets is comparable to each other, thus it can be 
recommended that PL68 and soybean with inclusion levels of approximately 
14% and 19% respectively can be used to replace fish meal in the diet and still 
attain same flesh quality as the fish fed with 100% fish meal.  
Due to short period of time of experiments of this study, the significant ef-
fects of the different dietary protein ingredients on flesh quality and growth 
performance were not fully observed, thus it is recommended that a further 
study should be done to observe the effect of different inclusion rates on 
growth performance, ensuring the optimal period of feeding in order to show 
the best result for flesh quality of common carp. 
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